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The influence of ultra-violet rays upon living plants has been observed by many investigators, but most of the observations con cern such subjects as development, growth, or reproduction. Only a few of them deal with the subjects concerning nuclear division, and still fewer are those in which the influence of rays of certain definite wave lengths is the point of investigation.
In a previous paper (1923) the writer reported that the influ ence upon the cell in mitosis of the ultra-violet rays from a quartz mercury lamp was very weak when the exposure was of short dura tion, but that when it was made for a pretty long time, abnormal, irregular nuclear divisions were observed.
In the present paper the results of experiments obtained in a further investigation, in which all the rays as well as some selected rays of definite wave lengths radiated from a quartz mercury lamp were used, are reported.
Materials and Methods
Root-tips of Vicia Faba, L. were used as material. As the source of rays a quartz mercury lamp, 110 volts, 3 amperes, made by the Japan Quartz Industry Company was employed.
In order to prevent any heat effect, the lamp was placed in a water bath with two openings through which it was possible to let running water in and out of the bath so as to keep the water level constant.
The spectrograph obtained from the lamp employed is reproduced in Fig. 1 , from which it is seen that the intensity of the visible rays of wave lengths 4047A, 4359A, 5461A and 5791A is pretty strong, and that of the ultra-violet rays of 3655A and 2535-2537A is much stronger, the rays of 3132-3126A, 3024A, 2967A, 2655A and 2482A being also pretty strong in intensity.
A root-tip, about 3cm. in length, was placed in a quartz tube filled with water, and then it was exposed to the rays, the distance to the lamp being about 20cm. In each experiment, the control root tip was placed in a Petri dish with water, and it was fixed at the same time as the root-tips subjected to experiment were fixed. The numbers of nuclei in rest and mitosis found within this area of the periblem region were counted respectively, originally each num ber of the nuclei in prophase, in metaphase, in anaphase and in telophase being counted sepa rately.
The root-tips were fixed at different intervals of time after exposure. The time of exposure and the interval of time chosen for each experiment carried out with all the rays from the mercury lamp are:
30m., 1h., 1h. 30m., 3h.
Interval of time between the end of exposure and fixation: 0., 1h., 2h., 3h., 6h., 15h., 24h., 48h.
Those for the experiments with monochro matic rays are:
Time of exposure: 3h., 6h. Interval of time between the end of exposure and fixation: 0., 3h., 24h.
The monochromatic rays used in these experiments were of wave lengths 2535-2537A, and that of 3655A, obtained by dispersion by means of a spectroscope diagramatically shown in Fig. 3 .
The spectroscope was constructed out of two quartz lenses and a quartz prism arranged as shown in Fig. 3 . Fig. 3 .
A diagram of a spectroscope used. In one series of observations the movement of the cytoplasm was taken as an indicant to show whether the cells were healthy or killed. The material was mounted with a 5% cane sugar solution in the case of Tradescantia and with tap water in that of Chara.
The results obtained are given in Tables 1 and 2 . In every case, the control material was found healthy, the movement of cyto plasm being active.
In these tables it is seen that in Chara the cells are healthy for a longer time than those in Tradescantia, though it remains un determined whether this is due to the difference in thickness of the cell membrane i,e, in capacity of absorbing the rays, or not. Table 2 Cells in young leaves of Chara
In another series of observations Brownian movement of granules in the cytoplasm was taken as an indicant to show the degree of influence of the rays, pollen mother cells in the metaphase of the heterotype division in Lilium tigrinum being used as material. In Table 3 +, Active Brownian movement exista +, The movement weak-, The movement not observable *, All these nuclei were those from one and the same pollen sac.
30* this material Brownian movement of small granules of fatty nature are observed in the living state of pollen mother cells (KATO, 1933).
The observations were made by the method as follows: -An anther was placed on a slide-glass with pieces of moisted paper which are to surround the material, and was covered with a quartz cover-glass.
The preparation was then exposed to the ultra-violet rays for about 1.5 hours at the distance 20cm. from the lamp as in the case of the first series of experiments.
After exposure the contents of the anther was taken out of it on the slide glass and they were observed. The results obtained are given in Table 3 .
As is seen from the table, the Brownian movement is still per ceptible in some of the pollen mother cells for 1.5 hours.
From these results of the preliminary experiments it seems likely that if, in the case of an experiment with root-tips of Vicia Faba, L. observation is made with periblem cells which are covered with the dermatogen, the influence of the rays would be weaker than when cells are directly exposed as in the case of staminate hairs or Chara leaves. We may then perhaps assume that in the case of the root-tips the periblem cells are mostly in the living state during the exposure, at least so far as those cases are concerned where the exposure is made only as long as in the case of the staminate hairs or Chara leaves.
Observation I
Experiments with the whole rays from the quartz mercury lamp Root-tips of Vicia Faba, L. were exposed to the rays for different lengths of time and were fixed at different intervals of time after exposure.
In Table 4 the number in percent of nuclei in mitosis obtained in each experiment is recorded, the number free from brackets being Table 4 1) Interval of time from the end of exposure to fixation in hours. the one obtained on the side irradiated, and that in brackets the one on the opposite side.
The difference in the numbers between the two sides, the irradiated and the opposite, obtained in each experiment is given in Table  5 , and these differences found in each series of experiments are graphically shown in Fig.  4 . From these tables and Fig. 4 it is seen that up to 3 hours after exposure the percentage of the nuclei in mitosis on the irradiated side is greater than that of the nuclei on the opposite side, while after the elapse of 6 hours the former becomes smaller than the latter.
It is also seen that in every series of experiments, irrespec tive of the length of the time of exposure, whether it was shorter (30 minutes, 1 hour) or longer (1.5 hours, 3 hours), the number of Cytologia 6 nuclear divisions had already increased immediately after exposure, and that it progressively increased for 2 hours after exposure. In all the experiments, it began to decrease at the end of three hours after exposure, and at the end of 6 hours it had decreased decidedly, the number of nuclear divisions being less on the irradiated side than on the opposite in every case (Fig. 5) tively both the rate of increase and that of decrease are nearly the same, and the increases after intervals between 0-3 hours are greater than those found in Experiment Series I after the corresponding intervals, the maximum being found after an interval of 2 hours in all these three cases. In Experiment Series IV of 3 hours exposure too, a progressive increase is seen up to the end of 2 hours interval, when it is at its maximum as in the other cases, but in this case the maximum rate of increase is found to be still kept at the end of 3 hours interval, presenting a contrast to the other cases. The decrease then rapidly takes place. After intervals of 15, 24 and 48 hours the decrease intensifies to such an extent that it is beyond doubt that the marked decrease as compared with that of the other series of experiments of shorter exposure must be due to the more injurious influence in a longer exposure than in a shorter.
In each experiment the control root-tip showed no marked difference in the number of nuclear divisions between opposite sides when arbitrarily taken.
In Table 6 the numbers in percent of nuclear divisions on opposite sides arbitrarily taken in the control root-tips are recorded. 
Observation II
In this experiment, the material was exposed to the rays of wave lengths of 3655A and 2535-2537A. The exposure was made for 3 hours in one series of material (Experiment Series V, VII) and for 6 hours in the other series (Experiment Series VI, VIII). The root tips thus exposed were fixed with no interval (immediately), 3 hours interval, and 24 hours interval after irradiation.
The results obtained are shown in Table 7 . The numbers given in the table are the numbers in percent of the nuclei in division found on the irradiated side and those in brackets are those found on the opposite side as in Table 4 . On the left hand side of those two numbers the difference between them is given. In every experiment two different individuals were observed, and the results obtained, A 1) The full data were originally counted. and B, are recorded in the same square, the mean difference obtained from them being given on the left hand side of the differences.
The mean differences are graphically shown in Fig. 6 . Table 7 As is seen from the table and the figure, where the material was exposed to the rays of 3655A, the number of nuclear divisions in the number obtained on the side opposite irradiation .
In the experiments with the rays of 2535-2537A , the number decreases immediately after exposure beneath the frequency found on the opposite side even in the case of shorter exposure (3 hours) .
In the case of 6 hour exposure the decrease after the exposure , for an interval of 3h. is very marked. During the interval from 3h . to 24h., however, a certain tendency to recover is recognizable in the cases of both 3 and 6 hour exposures.
In brief, the results show that the number of nuclear divisions increased by exposing material to the rays of 3655A while it is decreased by exposure to the rays of 2535-2537A. The former rays, therefore, seem to accelerate the rate of division frequency, if the time of exposure is suitably chosen, but the latter acts injuriously on the division activity even when material is exposed as long as would be suitable in the former case.
Discussion
In the present investigation it is shown that when root-tips of Vicia Faba, L. are exposed to ultra-violet rays of an intensity, which is, as shown by the preliminary experiments, not exceedingly harmful to the living cells, the number of nuclear divisions is progressively increased for the first 2 or 3 hours after exposure, a gradual decrease then following. This result coincides with the results obtained by ELTINGE (1928) and JACOBI (1928) from their experiments on the influence of ultra-violet rays upon germination and growth in some higher plants. According to them, for a certain period of time after exposure the growth of the plants is generally accelerated, if the time of exposure is suitably long, but when it is too long, the rays act injuriously upon the plants. LEPESCHKIN (1932) has also observed in Elodea and Saccharomyces, that when the intensity of the rays is not too strong, the stability of the living cells tends to increase, while it decreases when the intensity is too strong.
In their experiments with rays of definite wave lengths, REITER and GABOR (1928) have shown that when the ultra-violet ray of 3400A is radiated to the growing zone in the root-tip of Allium Cepa, L. the cells in that region are harmed, while no harmful effect is observed when the rays of 2900-3200A are radiated together with that of 3400A. From this experiment they have reached the conclu sion that these two sorts of rays act inversely to each other.
In the present investigation no special experiment was made to show whether or not a counter action exists between certain sorts of rays, but the results of experiments made with the ray of 3655A and those of 2535-2537A show that rays of different wave lengths act differently on the mitotic activity. While the rays of 2535-2537A are harmful on mitosis, the whole radiation from the lamp, or all the rays including these harmful rays, acts to raise the frequency of divi sion above the normal at least for the first few hours after exposure. From these experiments it seems highly probable that in the whole radiation a certain ray or rays antagonistic to the harmful rays exist.
Experiments with rays of definite wave lengths have been made by some other investigators.
According to ELTINGE (1928) some rays of shorter wave lengths act on higher plants so as to impede their growth rather than to accelerate it. He has found that when a lite glass which transmits only the rays of 5780-31301 is used as a filter, the growth of seedlings is accelerated, while it is impeded when all the rays (5780-2000A) from the lamp are irradiated. MASURE (1932) has shown that the ray of 36501 from a mercury lamp acts beneficially upon the shoot of Pisum sativum, L. He has also observed that when a somewhat etiolated pea plant is irradiated by a ray of the same wave length the rate of respiration is slightly increased for a while after exposure. According to HIGGINS and SHEARD (1927) , the rays of 3200-3900A give a favourable influ ence upon the germination of the seeds of lettuce, radish, cucumber and turnip, while the rays of shorter wave legnths 2700-3200A act on the germination rather harmfully: in short the rays of shorter wave lengths than 3200A are harmful, while those of longer wave lengths than 3200A are favorable.
It has been reported by many investigators that in the case of higher plants the rays of about 3000-4000A generally act favorably upon the growth of plants at least for a while, if the intensity of the rays and the length of time of exposure are adequately chosen, while the rays of shorter wave lengths, about 2000-3000A, act rather harmfully. The results of experiments in the present investigation show that the same is also true on the whole of the influence of ultra violet rays upon mitotic activity. 2. A tendency to recover the normal frequency of nuclear divi sions becomes recognizable after an elapse of time (a day or two days), if the material has not been exposed for too long.
3. When an exposure is made of considerable length, no indica tion of recovery is observed, so far as the present investigations are concerned.
4. When the material is exposed to the rays of 2535-2537A, no increase in the number of nuclear divisions is found, but a decrease takes place which is already conspicuous immediately after exposure, although a tendency to recover the normal frequency is recognizable after an elapse of time.
5. When the material is exposed to the ray of 3655A for 3 hours, the frequency of nuclear division is above normal for a time, followed by a decrease below normal. This presents a marked contrast to the case of irradiation for the same length of time by the rays of 2535 2537A in which the frequency is lower than normal from the first moment after exposure.
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